In this study, Pediococcus ethanolidurans A4-27 was isolated from Japanese pickles (nuka-zuke). The bacteria produce high molecular weight amylase. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and zymogram activity staining showed a single band at around 150 kDa. The enzyme was purified by disc preparative native-polyacrylamide gel electrophoresis, and ion chromatograph analysis of reaction products of P. ethanolidurans amylase on starch showed that glucose and maltose are the main final products. The appearance of maltose and glucose as major hydrolysis products suggests that the amylase produced by this organism is of α-type. Optimal temperature and pH for the enzyme activity were 60℃ and pH 4.0 − 6.0, respectively. Enzyme activity was not affected by the presence of 10 mM calcium chloride (Ca 2+ ) or the presence of 1000 mM and 2000 mM NaCl. These results indicate that the amylase from P. ethanolidurans is a useful enzyme for fermentation of rice bran-bed (nuka-doko) containing more than 15% NaCl.
Introduction
Nuka-zuke is a type of Japanese pickled vegetable fermented in a rice bran-bed (nuka-doko). Japan is the only country that pickles in rice bran; even other rice-eating countries like China or Vietnam have not developed this preservation method. Rice bran and salt water are kneaded into a paste and left to ferment. For a fermenting culture (nuka-doko) to be established in Japan, about two months is required in summer and about four months in winter. Once prepared, however, the rice bran-bed can be re-used. Fresh vegetables are placed overnight in the rice bran-bed then removed, rinsed with water and cut for serving. Almost all edible vegetables are fermented through this technique, though traditional varieties include eggplant, Japanese radish, cabbage, cucumber and Japanese ginger. Generally speaking, the nuka-doko is prepared by mixing with 1 kg of rice bran, from 120 − 200 g of NaCl and 1 liter of water. The most famous nuka-zuke is takuan-zuke (fermented Japanese radishes).
The composition of defatted rice bran is 15 − 20% protein, 0.5 − 1.5% fat, 10 − 15% crude fiber, and 9 − 12% ash. Rice bran also contains a significant amount of starch, which can vary from 10 to 20%, depending on the amount of rice breakage and degree of milling (Pan et al., 2005) . Moreover, rice bran is a good source of antioxidants including vitamin E and oryzanol, high quality oil and protein, and cholesterollowering waxes and anti-tumor compounds such as rice bran saccharide (Schramm et al., 2007) . Thus, nuka-zuke is one of the most important traditional Japanese fermented pickles expected to contribute human health.
For production and fermentation of nuka-doko, the starch in the rice bran needs to be saccharified for utilization as carbon source to grow lactic acid bacteria and production of lactic acids by the bacteria in nuka-doko (Tanaka et al., 2006) . Ethanol tolerance was determined by growing bacteria in modified GYP broth containing ethanol from 0 to 10%. Bacteria were inoculated in the medium for each test, followed by incubation at 30℃ for 120 h, and measurement at OD 660 . If the ΔOD 660 was more than 0.500, it was considered to be positive, if ΔOD 660 was less than 0.499, it was considered to be negative.
In order to identify the bacterial species of the isolates, 16S rDNA was amplified and sequenced. PCR was carried out in 100-µL volumes containing 20 μL of boiled cell suspension, 50 μM each primer, dNTPs at a final concentration of 0.2 mM, 10 × PCR buffer and 2.5 U of Ex Taq polymerase (Takara Bio Co., Shiga, Japan). Primers used were 27f (5'-AGAGTTTGATCCTGGCTCAG-3') and 1525r (5'-AAAGGAGGTGATCCAGCC-3'). PCR conditions were as follows: 5 min at 95℃, followed by 30 cycles of 1 min at 95℃, 1 min at 55℃, and 1.5 min at 72℃, with a final extension at 72℃ for 10 min. Amplified DNA fragments were purified using a QIAquick PCR Purification kit (Qiagen, Tokyo, Japan) and were used as DNA templates for direct sequencing with appropriate oligonucleotide primers.
Sequence data were edited with Genetyx-SV/RC Ver. 10.0.3 (Software Development, Tokyo, Japan). Multiple alignments of all sequences were performed using CLUST-AL W (http://clustalw.ddbj.nig.ac.jp/top-j.html), followed by manual adjustment. Genetic distance based on sequence was calculated using the DNADIST program in the PHYLIP package. Phylogenetic relationships were analyzed by the UPGMA (unweighted pair group method with arithmetic mean) method (Sneath and Sokal, 1973) using the NEIGH-BOR program in the PHYLIP package (Felsenstein, 1989) . The Tree View program (Page, 1996) was used to view phylogenetic trees. The DDBJ/EMBL/GenBank accession number for the determined sequence of a partial 16S rRNA gene from A4-27 strain is AB706354.
Amylase assay α-Amylase activity was measured as follows. Appropriately diluted enzyme solution (0.1 mL) was mixed with 0.8 mL of a solution containing 1.2% of soluble starch dissolved in 0.1 M citrate-Na 2 HPO 4 buffer (pH 5.5) and incubated at 30°C, 30 min. The reaction was stopped by the addition of 0.1 mL of 1 M H2SO4. The residual starch contents after incubation at different lengths of time were determined colorimetrically at 620 nm by adding 0.05 mL of the reaction mixture to 1.2 mL of 4% iodine solution (4 mL of iodine solution was diluted up to 100 mL with distilled water). One enzyme unit was defined as the amount of enzyme that permits the hydrolysis of 10 mg of starch in 30 min under the conditions described above. Protein concentration was estimated using the method described by Bradford (1976) with a Protein Assay Kit (Bio-Rad, Hercules, CA) However, amylolytic lactic acid bacteria have been reported in a few species of the genus Lactobacillus, Lactococcus and Leuconostoc (Giraud et al., 1993; Aguilar et al., 2000; Cho et al., 2007) , and starch-decomposing microorganisms in nukadoko are not unknown. Therefore, it is possible that nukadoko is a good source for isolation of novel amylolytic lactic acid bacteria. Moreover, nuka-doko contains a high concentration of salt (NaCl); therefore, salt-tolerant or halophilic bacteria, and salt-tolerant or halophilic enzymes are expected to be present. In this study, we report the isolation and characterization of salt-tolerant amylolytic lactic acid bacteria Pediococcus ethanolidurans A4-27, and the purification and characterization of salt-tolerant alpha-amylase produced by A4-27 strain. The present study is also a part of our attempt to discover novel lactic acid bacteria having useful functions in order to develop potential applications in food processing.
Materials and Methods
Isolation of amylolytic lactic acid bacteria Lactic acid bacteria were isolated from nuka-zuke of Japanese ginger by the agar plate dilution method. The fermented nuka-doko was diluted with sterilized water and inoculated in 10 mL of MRS agar medium (Difco Laboratories Inc., Detroit, MI) supplemented with 1.5% CaCO 3 . Colonies producing a clear zone around them were picked up as lactic acid bacteria and used for screening of amylase production. Modified GYP agar medium (2% soluble starch, 1.0% yeast extract, 0.5% polypeptone, 0.2% meat extract, 0.2% sodium acetate, 0.5% mineral solution, 0.1% Tween 80, 0.1% CaCl 2 , pH 6.8, and 1.5% agar) was used to screen amylase activity. The mineral solution was 4.0% MgSO 4 ·7H 2 O, 0.2% MnSO 4 ·4H 2 O, 0.2% FeSO 4 ·7H 2 O and 0.2% NaCl. The isolated lactic acid bacteria were streaked on modified GYP agar medium and then incubated at 30℃ for 3 days. After growth of bacterial colonies, iodine solution (3.0% I 2 , 0.3% KI) was poured onto the plate. Bacterial colonies producing clear zones were used as amylase-positive strains for later experiments.
Physiological characterization and Identification of bacteria Cell morphology was observed by microscopy, while Gram's reaction and catalase activity were determined as described by Morlon-Guyot et al. (1998) . Bacterial isolates were tested for their sugar fermentation ability using API 50 CH strips and API CHL medium (BioMérieux, Marcyl'Etoile, France).
Optimal growth temperature was also tested in modified GYP broth. Bacteria were inoculated in the medium, and then incubated for 96 hours at the indicated temperature. Growth was measured at OD 660 .
Salt (NaCl) tolerance was determined by growing bacteria in modified GYP broth with NaCl ranging from 0 to 18%. collected and verified by analytical sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) (Weber and Osborn, 1969) .
Molecular mass determination SDS-PAGE was used to determine the approximate molecular mass of the amylase. Myosin (200,000), ß-galactosidase (116,250), phosphorylase b (97,400), bovine serum albumin (662,000) ovalbumin (45,000), carbonic anhydrase (31,000), trypsin inhibitor (21,500), lysozyme (14,400) and aprotinin (6,500) served as marker proteins (Bio-Rad).
Optimal temperature and pH The effects of pH on enzyme activity were studied in the pH range 3 − 8 with 0.1 M citrate -Na 2 HPO 4 buffer. Purified enzyme (150 U) was incubated in buffer at each pH at 30℃ for 30 min. The enzymatic activity profile according to temperature was determined from 20℃ to 80℃ under standard amylase assay conditions (see above). Enzyme activity was determined and residual activity was calculated.
Effects of Na + and Ca 2+ on activity The effects of Na + and Ca 2+ on enzyme activity were studied in 0.1 M sodium acetate buffer at pH 5.5 in the presence of each cation at various concentrations. Purified enzyme (150 U) was used for each reaction. The mixture was incubated at 30℃ for 30 min and enzyme assay was performed.
Analysis of oligosaccharide contents in reaction mixture using high-performance ion chromatography Twenty-five microliters of each reaction mixture under standard conditions using 150 U of purified enzyme was analyzed on a DX-500 high-performance ion chromatography system (Dionex, Sunnyvale, CA) that included a metal-free quaternary gradient pump, an eluent degassing module, a microinjection valve, a post-column reagent delivery module, and a solventcompatible pulsed amperometric detector equipped with an electrochemical cell containing a gold working electrode and an Ag/AgCl reference electrode (Dionex). Oligosaccharides were separated on a Dionex CarboPac PAl anion exchange column (4 × 250 mm) fitted with a CarboPac PA guard column (Dionex) at a flow rate of 1.0 mL/min. Oligosaccharides were eluted with a linear gradient of 0 to 0.5 M sodium acetate in 100 mM NaOH. Chromatographic data were integrated and analyzed using PeakNet version 5.11 software (Dionex).
Results and Discussion
Characterization of strain A4-27 A total of 686 lactic acid bacteria were isolated from 127 fermented foods collected in Thailand, China, Vietnam and Japan. Thirtyfive amylolytic lactic acid bacteria were isolated among the 686 isolates; 33 isolates were from the same nuka-zuke made from Japanese ginger, and 2 isolates were from the with bovine serum albumin as a standard.
Polyacrylamide gel electrophoresis This was carried out according to the method of Laemmli (1970) with a 5% running gel and 4% stacking gel. Electrophoresis under nondenaturing conditions was performed in the absence of sodium dodecyl sulfate and 2-mercaptoethanol in any buffer. Gels were run at a constant 20 mA for 1 h at 4℃. Gels were stained with 0.25% Coomassie Brilliant Blue (CBB) in 50% methanol and 10% acetic acid, and were then destained with 5% methanol and 7.5% acetic acid (Kawasaki et al., 1990) .
Amylase activity stain After dialysis, proteins were separated by native-polyacrylamide gel electrophoresis (native-PAGE) at 4℃, and the gel was laid on a 1% agarose gel (5 mm) containing 1.2% soluble starch and 0.1 M citrate -Na 2 HPO 4 buffer (pH 5.5) that had been solidified in a Petri dish (11 cm × 11 cm). After incubation at 30℃ for 30 min, the overlaid polyacrylamide gel was removed, and the agarose replica gel was stained with 4% iodine solution. The location of the enzyme was detected in the gel as unstained bands.
Amylase production and purification A single colony of A4-27 strain was selected, inoculated into 5 mL of MRS broth (Difco, pH 7.0), and incubated at 30℃ for 2 days. Culture broth (20 mL; 5 mL × 4 tubes) as transferred to 2,000 mL of modified GYP broth and then incubated at 30°C for 72 h. Cells were harvested by centrifugation at 24,652 × g at 4℃ for 10 min. After removal of cells, powdered ammonium sulfate was then added slowly to the supernatant fluid (2,000 mL) with constant stirring at 4℃. Amylase activity was precipitated at 70% saturation. After ammonium sulfate precipitation, the precipitated protein was collected by centrifugation at 24,652 × g at 4℃ for 10 min, and was resuspended in 20 mM Tris-HCl buffer (pH 8.0). Protein solution was then placed inside a dialysis bag consisting of regenerated cellulose (MWCO 20,000; Spectrum, NJ, USA), was dialyzed against the same buffer. Dialyzed proteins were concentrated to about 5 mL with Amicon Ultra-15 Centrifugal Filter Units (MWCO 100,000; Millipore, Billerica, MA, USA), and an equal volume of native sample buffer (Bio-Rad) was added to the concentrated protein. The protein mixture was applied to disc preparative native-PAGE, which was performed using a Nihon Eido NA-1800 disc preparative electrophoresis apparatus (Nihon Eido, Tokyo, Japan) in accordance with the manufacturer's instructions (Hayakawa et al., 2001; 2003) . Tris-glycine buffer (pH 8.3) was used as an electrophoretic buffer. A 4% stacking gel (pH 6.8) and a 6% resolving gel (pH 8.8) were prepared as a disc gel (ϕ 40 mm × 40 mm). The eluted fractions (0.5 mL/tube) were pooled and concentrated with Amicon Ultra-15 Centrifugal Filter Units (MWCO 10,000, Millipore) and the purity of the active fractions was other samples. The 33 isolates had higher amylase activity than other 2 isolates and showed the characteristics such as growth, morphology, enzyme activity and salt tolerance. Thus, we selected strain A4-27 for further study.
Phylogenetic analysis based on 16S ribosomal RNA (rRNA) gene sequences revealed that A4-27 (AB706354) belonged to the genus Pediococcus and clustered with P. ethanolidurans Z-9 T (type strain) (AY956789) and Z-17 (DQ400914) strains, respectively ( Fig. 1) (Liu et al., 2006) . The 16S rRNA gene sequence of A4-27 exhibited 99% identity with P. ethanolidurans Z-9 T and Z-17 strains. Thus, A4-27 isolated in this study was identified as P. ethanolidurans. However, the phenotypic characteristics of A4-27 showed several differences with Z-9 T and Z-17 strains. For example, A4-27 could not produce acid from amygdalin. The most important differences were salt and ethanol tolerance; A4-27 was able to grow in the presence of 8% NaCl and 5% ethanol (Table 1) . However, the Z-9 T and Z-17 strains previously isolated from distilled-spirit-fermenting cellar in China were unable to grow in the presence of 4% NaCl, and 6.5% and 7.5% ethanol, respectively. These results suggest that taxonomy of the genus Pediococcus and related species with P. ethanolidurans remains complex; thus, NaCl and ethanol tolerance are not suitable for classification. A4-27 in this study was isolated from nuka-doko that contained about 15% NaCl. Thus, the P. ethanolidurans A4-27 strain is uniquely adapted for a high-salt environment. Pediococcus damnosus (D87678)
Pediococcus inopinatus (AJ271383)
Pediococcus parvulus (D88528) 0.1 Table 1 . Differential phenotypic characteristics of A4-27, and P. ethanolidurans strains Z-9 T and Z-17 (Liu et al., 2006) .
Accession no. AB706354 AY956789 DQ400914
Acid production from:
Data were verified using the API 50 CH system. +, Positive; −, negative; ND, no data available. PAGE. The molecular mass of the enzyme was estimated as a single peptide on 6% SDS-PAGE; its molecular weight was about 180 kDa (data not shown). The α-amylases of genus Bacillus have been well characterized and their molecular masses range from 28,000 to 59,000 (Krishnan and Chandra, 1983; Sajedi et al., 2005; Asoodeh et al., 2010; Hmidet et al., 2010; Kikani and Singh, 2011) . In the case of amylase in Lactobacillus manihotivorans, its molecular mass was 135,000 (Aguilar et al., 2000) . The molecular mass of the amylase purified from A4-27 strain was much higher than that of the amylases from other lactic acid bacteria. Therefore, it is possible that the amylase purified from A4-27 has a unique structure or function. In further studies, we will attempt to identify and analyze the genes that encode the A4-27 amylase.
Type of amylase Malto-oligosaccharide production with the purified amylase from P. ethanolidurans under standard reaction conditions was analyzed. Immediately after the reaction had been started, maltotetraoses, maltopentaoses, maltohexaoses and maltoheptaoses were produced (Table 2) . It is possible that these products were randomly cleaved by an endo-type amylase. Ion chromatograph analysis of reaction products of P. ethanolidurans amylase on starch showed glucose and maltose as main final products. The appearance of maltose and glucose as major hydrolysis products suggests that the amylase produced by this organism is α-type.
Characteristics of amylase from P. ethanolidurans The optimal temperature and pH were 60℃ and pH 4.0 − 6.0, respectively (Fig. 3) . These characteristics are similar to those of the amylase from L. manihotivorans; its optimal temperature and pH were 55℃ and pH 5.5 (Aguilar et al., 2000) . In addition, 10 mM Calcium chloride (Ca 2+ ) had no effect on amylase activity. The amylase from P. ethanolidurans was salt tolerant; it showed 92% and 85% residual activity in the presence of 1000 mM and 2000 mM NaCl (Table 3 ). In contrast, the amylase activity of B. amyloliquifaciens was inhibited by NaCl; it showed 56% residual activity in the presence of only 10 mM NaCl. Unfortunately, no data was reported on the salt tolerance of the amylase from L. manihotivorans, Purification of amylase In order to determine the characteristics of amylase produced by P. ethanolidurans A4-27, proteins in the culture broth were precipitated with 70% saturated ammonium sulfate and were desalted by dialysis. The resultant protein sample was subjected to native PAGE, and then CBB ( Fig. 2A, left) and amylase activity staining ( Fig. 2A, right) were performed. Most soluble protein in the culture broth was amylase, resulting in one major band (the largest band in Fig. 2A, right) and several minor bands (under the largest band). The protein corresponding to the lower band(s) may be the cleavage product of the largest band after digestion with peptidase or amylase proteins. However, the intensity of the minor bands was much lower than that of the largest band. Therefore, we purified only the largest protein, which showed the highest activity, for further study.
The largest band was purified by disc preparative native- 
